4-Amino-5-(thiophen-2-ylmethyl)-2,4-dihydro-3H-1,2,4-triazole-3thione was synthesized and converted into the corresponding Schiff bases using several aromatic aldehydes. Reaction of this aminotriazolethione with phenacyl bromides lead to triazolothiadiazines, which were subsequently reduced with NaBH 4 to dihydrotriazolothiadiazines. The latter type of fused heterocycle has been also obtained directly by reacting one of the previously obtained Schiff base with phenacyl bromides. NMR analysis confirmed the structures of the synthesized compounds.
Introduction
4-Amino-1,2,4-triazole-3-thiones (1) (Figure 1 ), which could also be represented as their tautomers 4-amino-3-mercapto-1,2,4-triazoles (2) , are a class of compounds that exhibit various biological activities (e.g. antimicrobial, anticancer, anticonvulsant, anti-inflammatory, antioxidant) 1 and can undergo various types of reactions. 2 These reaction could involve the amino group, 3 the mercapto group, [4] [5] [6] or the endocyclic NH in the thione tautomer. 4, 7 In addition, the proximity of the aforementioned reactive sites in 4-amino-1,2,4-triazole-3-thiones is inducive of ring closure reactions in which both amino and mercapto groups are involved. 2, 8, 9 Formation of Schiff bases through the condensation of 4-amino-1,2,4-triazole-3-thiones with aldehydes is one of the most investigated reaction of these substrates, a process that leads to biologically active compounds [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] and ligands for metal complexes, [20] [21] [22] [23] [24] [25] [26] to mention only two significant applications of these derivatives of 4-amino-1,2,4-triazole-3-thiones. On the other hand, the proximity of the reactive amino and mercapto groups in these triazole derivatives could be exploited in ring closure reactions leading to fused heterocycles. For example, reaction of 4-amino-3-mercapto-1,2,4-triazoles with a variety of reagents has been extensively employed for the generation of triazolothiadiazines, 27 whose interesting biological activities have been well documented. 28 The present contribution aims at expanding the series of previously reported derivatives of 5-(thiophen-2-ylmethyl)-2,4-dihydro-3H-1,2,4triazole-3-thione 29, 30 by preparing several azomethines and triazolothiadiazines derived from the aforementioned scaffold featuring an amino group at position 4 of the triazole ring. Further structural modification (e.g. aminomethylation) of these compounds could provide access to novel chemical entities with interesting biological properties. 31
Results and Discussion
The required starting material (4) was obtained through the ring closure reaction of potassium 2-(2-(thiophen-2-yl)acetyl)hydrazine-1carbodithioate (3) 32 with excess hydrazine hydrate in water ( Figure 2 ). As shown by NMR, the isolated crude material was sufficiently pure, and was used as such in the next step, although the analytical sample was purified by recrystallization prior to structural investigation. The proton NMR spectrum of compound (4) showed, besides the protons in the aromatic region, three sharp singlets corresponding to the protons in the methylene group bridging the two heterocyclic ring (δ = 4.25 ppm), the protons in the amino group (δ = 5.58 ppm), and the proton at N-2 of the triazole ring (δ = 13.59 ppm). In the 13 C NMR spectrum, the peaks of the carbon atoms in the newly formed triazole ring can be found at 166.1 ppm (C-3) and 150.7 ppm (C-5).
Formation of imines (5) The modest yields obtained for imines (5)-(7) determined us to investigate the synthesis of azomethine (7) under a different set of reaction conditions. Thus, substrate (4) was reacted with 4-hydroxybenzaldehyde in refluxing acetic acid, when a solid material separated shortly after refluxing had started. At the end of the reaction time, the isolated reaction product, which proved to be essentially the desired azomethine in pure form, was obtained in excellent yield under these conditions. Therefore, we hypothesize that the use of acetic acid both as a solvent with a higher boiling point than ethanol and also as a weaker acid catalyst compared to H 2 SO 4 could be the factors that enhanced the yield observed in this synthetic variation.
In the proton spectra of Schiff bases (5)-(8), the peak associated with the protons in the amino group in aminotriazolethione (4) is no longer present, whereas a singlet found at approximately 10 ppm in each spectrum of imines (5)- (8) has been attributed to proton of the carbon atom of the azomethine group. The singlet corresponding to the proton at N-2 of the triazole ring is still noticeable in the off-set of the proton spectra of these compounds.
The potential of 5-(thiophen-2-ylmethyl)-2,4-dihydro-3H-1,2,4triazole-3-thione (4) as starting material in cyclocondensations leading to triazolothiadiazines was also briefly investigated. First, the well- (9) and (10), as well as through the absence of the singlet corresponding to the protons of the amino group. Instead, a novel singlet integrating for two protons is noticeable at approximately 4.5 ppm, and this peak has been assigned to the protons in the methylene group in the newly formed thiadiazine ring.
The facile access to these triazolothiadiazines allowed a brief inspection of their reactivity. Thus, reduction of the carbon-nitrogen double bond in triazolothiadiazines could lead to dihydrotriazolothiadiazines, which could be valuable synthons as secondary cyclic amines in aminomethylations or preparations of amides, for example. Surprisingly, hydrogenation of triazolothiadiazines has been scarcely reported in literature. 34 Reduction of triazolothiadiazines (9) and (10) with a threefold excess of NaBH 4 in methanol at room temperature overnight afforded smoothly the reduced derivatives (11) and (12) With the view to increase the structural diversity of dihydrotriazolothiadiazines based on aminotriazolethione (4), cyclization of a selected Schiff base (8) having two thiophene rings in its structure with halogen-substituted phenacyl bromides was also undertaken. This particular substrate has been selected owing to the good anticancer activity of analogous triazolothiadiazines having either a thiophene or a furan ring at position 6 of the fused ring system. 35 Similar ring closure reaction have been previously conducted using aminotriazolethiones having other substituents at position 5 of the triazole ring, such as methylthio 36 or (substituted)phenyl. 37, 38 Reaction of azomethine (8) with phenacyl bromides in the presence of TEA led to the isolation of the desired dihydrotriazolothiadiazines (13) and (14) in excellent yields ( Figure 2 ).
Because of their limited of solubility in most organic solvents, these compounds could be recrystallized only from a DMF-ethanol mixture, albeit with considerable loss. According to literature, 38 the reaction is stereospecific and affords the trans diastereomer, whose stereochemistry was assigned using single crystal X ray crystallography. 38 In solution, however, the trans diastereomer isomerizes to the cis diastereomer, whose structure assignment was based on the small value of the vicinal coupling constant between the protons at C-6 and C-7 of the fused ring system. 37 The isomerization is slow in CDCl 3 and faster in DMSO-d 6 . 38 As reaction products (13) and (14) are not soluble in CDCl 3 , their structural investigation by NMR was conducted in DMSO-d 6 . Assuming that the ring closure of Schiff base (8) to dihydrotriazolothiadiazines (13) and (14) also occurs stereospecifically to yield in each case the trans diastereomer in solid state, the NMR analysis for both compounds (13) and (14) shows that the trans-cis isomerization takes place in DMSO-d 6 to lead to a mixture of diastereomers in which cis- (13) and cis- (14) , respectively, are the major component (approximately 84%). As the equilibration is a fast process, the ratio between trans and cis diastereomers of dihydrotriazolothiadiazines (13) and (14) in DMSO-d 6 does not change significantly with time. Only the NMR spectrum of the major cis diastereomer of these compounds has been presented in Experimental. The aliphatic region of the proton NMR spectra for the cis diastereomer of these dihydrotriazolothiadiazines is similar to that reported for literature analogs, and presents a triplet (a partially superimposed doublet of doublets) for the proton at C-6 and a doublet for the proton at C-7, both sets of signals having typical cis vicinal coupling constants (Figure 3 ). For the trans diastereomer, the proton at C-6 appears as a not very well resolved doublet of doublets, while the doublet at 6 ppm was assigned to the proton at C-7. The signal corresponding to N-5 proton, which has been identified through replacement with deuterium, appears as a doublet at δ values higher than 7 ppm. In addition to the proton spectra, the 13 C NMR spectra of products (13) and (14) 
Experimental
Melting points were taken on a Mel-Temp II apparatus and are uncorrected. 1 H and 13 C NMR spectra were recorded on a Bruker Avance 400-MHz spectrometer. The signals owing to residual protons in the deuterated solvents were used as internal standards for the 1 H NMR spectra.
The chemical shifts for the carbon atoms are given relative to residual chloroform (δ = 77.16 ppm) or dimethyl sulfoxide (δ = 39.52 ppm) in the corresponding deuterated solvents. The chemical reagents and solvents used in this study were obtained from Sigma-Aldrich, Alfa Aesar or Merck, and were used without prior purification.
Synthesis of 4-amino-5-(thiophen-2-ylmethyl)-2,4-dihydro-3H-

1,2,4-triazole-3-thione (4)
To a solution of potassium 2-(2-(thiophen-2-yl)acetyl)hydrazine- 
General procedure for the synthesis of Schiff bases of 4-amino-5-(thiophen-2-ylmethyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione (4)
A mixture of aminotriazolethione (4) (212 mg, 1 mmol), aromatic aldehyde (1 mmol) and conc. H 2 SO 4 (4-5 drops) in abs. ethanol (10 mL) was heated at reflux temperature for 5 h. The reaction mixture was allowed to reach room temperature, and then it was refrigerated overnight. The solid material was filtered and recrystallized. 
(E)-4-[(4-Methoxybenzylidene)amino]-5-(thiophen-2-ylmethyl)-2,4-
Modified synthesis of Schiff base (7)
A mixture of aminotriazolethione (4) (212 mg, 1 mmol), 4hydroxybenzaldehyde (122 mg, 1 mmol) in glacial acetic acid (5 mL) was heated at reflux temperature for 1 h. The reaction mixture was cooled to room temperature, gradually diluted with water (45 mL), and stirred at room temperature for 1 h. The solid was filtered, washed thoroughly with water, and air-dried to give azomethine (7) (285 mg, 90%).
General procedure for the synthesis of triazolothiadiazines (9) and (10) 4-Amino-5-(thiophen-2-ylmethyl)-2,4-dihydro-3H-1,2,4-triazole-3thione (4) (318 mg, 1.5 mmol) and the corresponding phenacyl bromide (1.5 mmol) were heated at reflux temperature in abs. ethanol (10 mL) for 2 h.
The mixture was allowed to reach room temperature, and then it was treated dropwise with excess aq. 25% NH 3 (0.5 mL). The mixture was then gradually diluted with water (20 mL), the solid was filtered, washed thoroughly with water, and air-dried. General procedure for the reduction of triazolothiadiazines (9) and (10) to dihydrotriazolothiadiazines (11) and (12) A suspension of triazolothiadiazine (0.8 mmol) in methanol (10 mL) was gradually treated with NaBH 4 (92 mg, 2.4 mmol). The resulting solution was stirred in a stoppered flask at room temperature overnight, and then it was gradually diluted with water (40 mL) under efficient stirring.
6-(4-Chlorophenyl)-3-(thiophen-2-ylmethyl)-7H-1,2,4-triazolo[3,4-
The solid was filtered, washed with water, and air-dried. 
Conclusions
The synthesis and structural characterization of a small number of Schiff bases based on of 5-(thiophen-2-ylmethyl)-2,4-dihydro-3H-1,2,4triazole-3-thione, which could prove to be biologically active compounds, useful synthons in the development of fused heterocycles, or interesting ligands for the generation of metal complexes with various topologies, is presented. Several triazolothiadiazines derived from the same substrate were also prepared, and their reduction to dihydrotriazolothiadiazines was successfully investigated. A different approach to dihydrotriazolothiadiazines was also pursued through ring closure relying on an intramolecular base catalyzed C-C bond formation and starting from one of the previously synthesized Schiff bases. The study advances the current state of knowledge in the chemistry of aminotriazolethiones and triazolothiadiazines.
